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HIGH THROUGHPUT HIGH PERFORMANCE 
CHROMATOGRAPHY SYSTEM 



Field of the Invention 

The present invention relates to a 
chromatography system, and in particular to a high 
throughput analytical chromatography system and method for 
operating the same to increase sample throughput and 
method development. 

Description of Related Art 

Separation science is a universal technique that • 
benefits most scientists. Chromatographic separations 
provide a means to determine to what extent a reaction has 
yielded the desired products, to monitor impurities and 
dissolution profiles, and to study degradation pathways in 
drug products. Disadvantageously , chromatographic 

separations are relatively long and tedious processes with 
analysis times up to approximately 1 hour. Another 
problem associated . with conventional chromatographic 
separations is the method development time. Screening 
multiple columns, materials and instruments to achieve 
optimum separation is labor intensive. 

Heretofore, conventional analytical HPLC 
separation devices consist of a flow-metering pump to 
control volumetric flow rates of solvent gradients. 
Either low or high pressure mixing is used to produce the 
gradient. As the names imply, low pressure and high 
pressure mixing refer to the forming of the gradient 
either pre- or post-pump, respectively. To increase the 
capacity of the system it would be desirable to build an 
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instrument capable of running several columns in parallel. 
For example, for parallel processing of 8 columns, 8 
conventional detectors would be required and, depending on 
how the gradient is formed, either 8 or 16 pumps would be 
required for low pressure and high pressure mixing, 
respectively. The increased number of pumps and detectors 
necessary for this set up is costly and would take up a 
significant amount of space. 

It is therefore desirable to develop a parallel 
processing chomatographic separation system that would be 
more cost effective, take up less space and be convenient 
and easy to use by the operator. As a result, the sample 
throughput time would increase as the method development 
time decreases. 

Summary of the Invention 

For the purposes of the present invention the 
generic term high throughput high performance 
chromatography (HT-HPC) is defined to include high 
throughput high performance liquid, gas, capillary, 
microbore, preparative, electro, and supercritical fluid 
chromatography systems . 

The present invention is directed to a HT-HPC 
system and method that solves the aforementioned problems 
and , disadvantages associated with conventional serial 
systems and techniques. 

The present invention is directed to a HT-HPC 
system that provides independent control of flow rates 
into an array of columns via flow control valves. Flow 
control valves are a convenient means to run multiple 
separations simultaneously, i.e., parallel processing, 
from common pressurized solvent reservoirs. The valves 
allow a manifold of columns to be analyzed in a high 
pressure mixing mode. The high pressure mixing mode 
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advantageously lowers gradient dwell time and subsequently 
allows faster equilibration and analyses times. 

In accordance with the present invention, the 
HT-HPC system and technique is more efficient in that it 
requires less analysis and method development time due to 
its parallel configuration. Accordingly, the system and 
method in accordance with the invention can produce 
results in a shorter period of time because multiple 
samples can be run in the same period of time as a single 
sample using a conventional system. 

Another advantage of the present invention HT- 
HPC system is the design of high pressure mixing for 
relatively low gradient dwell times. 

The present invention is directed to a high 
throughput high performance chromatography system 
operating at a high mixing pressure including a plurality 
of pressurized solvent reservoirs, e.g., pumps, each 
maintaining an associated solvent at a substantially 
constant pressure. A plurality of flow control valves are 
connected downstream of the pressurized solvent reservoirs 
for controlling the flow rate of the solvent into each 
column. The number of pressurized solvent reservoirs 
equals the number of solvents. Accordingly, the system 
reduces the number of pressure solvent reservoirs required 
thereby saving money and space. Furthermore, the system 
increases sample throughput, accelerates method 
development and minimizes organic waste. In an 

alternative embodiment, instead of each valve being 
associated with a single column, a plurality of columns 
may be connected downstream of each valve to form an 
array, whereby the valves associated with a particular 
lane control the flow rate of the solvent into the columns 
associated with that lane. This adds another dimension to 
the separation capabilities of the instrument thereby 
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providing a very flexible instrument for method 
development and sample throughput. Additional dimensions 
may be added to the system, as desired. 

Another embodiment in accordance with the 
present invention provides a s- shaped sample detection 
cell for measuring absorbance of the sample. The cell 
includes a section of tubing connected to the flow stream 
via two tees. Fiber optics deliver the light to the cell 
and directs the transmitted light from the cell to the 
detector. A single detector may be used for all parallel 
processed channels thereby reducing the cost and saving 
space. 

Still another embodiment discloses a method for 
using the high throughput high performance chromatography 
system described above. One or more solvents are 
maintained at a . substantially constant pressure using an 
associated pressurized solvent reservoir. The flow rate 
of the solvent into respective columns is controlled using 
a flow control valve connected downstream of each 
pressurized solvent reservoir. The gradient of each 
column may be independently adjusted. 

Brief Description of the Drawings 

The foregoing and other features of the present 
invention will be more readily apparent from the following 
detailed description and drawings of illustrative 
embodiments of the invention wherein like reference 
numbers refer to similar elements throughout the several 
views arid in which: 

Figure la is an exemplary 8 channel High 
Throughput High Performance Chromatography system in 
accordance with the present invention employing a gradient 
elution; 
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Figure lb is an exemplary 8x8 High Throughput 
High Performance .Chromatography array in accordance with 
the present invention; 

Figure 1c is another exemplary 8x8 High 
Throughput High Performance Chromatography array in 
accordance with the present invention; 

Figure Id is an exemplary isocratic setup of an 
8 channel High Throughput High Performance Chromatography 
array in accordance with the present invention; 

Figure 2 is an exemplary flow metering system in 
Figures la- Id; 

Figure 3 is an isometric view of an exemplary 
sample detection flow cell in accordance with the present 
invention; and 

Figure 4 is an exemplary detection system. 

Detailed Description of the Invention 

Figure la is an exemplary High Throughput High 
Performance Chromatography (HT-HPC) system 100 in 
accordance with the present invention using flow control 
valves rather than pumps for regulating the flow into each 
column. HT-HPC system 100 includes two pressurized 
solvent reservoirs 105, 110 delivering solvents A and B, 
respectively, at a substantially constant pressure to all 
8 columns 115 through a manifold. Pressurized solvent 
reservoirs 105, 110 may be any conventional pump that is 
able to generate a head pressure, such as a syringe pump 
or a reciprocity pump. Alternatively, any device may be 
used that is able to provide a substantially constant 
pressure solvent source, such as an accumulator piston. 
Although the present invention is shown and described with 
respect to a chromatographic device having 8 columns and 
two solvents A, B, it is within the intended scope of the 
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present invention to use the device with any number of 
desired columns and/or solvents. 

Since the configuration with respect to each 
column is the same, the arrangement associated with only 
the- first column 115 will be described in detail. 
Pressurized solvent reservoirs . 105 , 110 are connected to 
column 115 by tubing 142-, 142'. Unlike conventional HT- 
HPC devices in which the flow rate of the solvents into 
the columns is adjusted by pumps, the HT-HPC system in 
accordance with the present invention employs respective 
automated flow control valves 120, 120' to adjust the flow 
rate of solvents A, B, into the column 115. In a 
preferred embodiment, metering valves capable of 
controlling the flow below mL per minute, such as the 
QUANT I M Mass Flow Meter manufactured by Brooks Instrument, 
Inc., are used. Flow control valves 120, 120' comprise 
three basic components: a flow meter, a valve, and 
software/hardware to operate the valve. Conventional flow 
meters are turbine- temperature-, pressure- and mass-based 
flow meters. Integrated flow meters and valves are 
commercially available as flow control valves. These 
integrated flow control valves are relatively expensive. 
Alternatively, a less expensive high-pressure solenoid 
controlled using pulse width modulation, software and a 
flow meter capable of metering the desired flow range may 
be used. The use of valves instead of pumps, as in 
conventional HT-HPC systems, is beneficial in several 
respects. A substantially constant flow and pulseless 
rate may be realized by using a valve, which is otherwise 
impractical when using a pump. Because the valve produces 
a substantially constant flow source, precise or refined 
control over the flow rate is possible with less waste. 
Furthermore, the use of valves to control the flow rate 
allows the solvent streams to be split off and mixed 
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independently together to produce a user defined gradient 
for each lane from one or more common pressurized solvent 
reservoirs . 

A high pressure mixing tee or gradient mixing 
chamber 12 5 connects the outputs from the automated flow 
metering valves 120, 120 1 and mixes together the two 
solvents A and B prior to entering the column 115. 
Disposed between the mixing tee 125 and column 115 is an 
injector 13 0 for introducing the sample into the column 
115. Downstream of column 115 is a sample detection cell 
135, for example, an ultraviolet detector , for detecting 
the absorbance data from each column. 

The 8 channel parallel processing HT-HPC 
instrument shown in Figure la may be modified into an 8 x 
8 array of HPC columns, as shown in Figure lb. The 8x8 
array has four pressurized solvent reservoirs 105, 110, 
140, 145 for solvents A, B, C, D, respectively. A solvent 
selection valve 150 is disposed in each lane. This array 
provides greater versatility in that more columns may be 
analyzed in the same run. Although an 8 x 8 array is 
shown in Figure lb, it is within the intended scope of the 
invention to configure an M x N array, where M and N ^ 1. 
Since only two flow control valves 12 0, 12 0' are provided 
for each lane, the gradient into each column may comprise 
at most two different solvents. Four flow control valves 
can be employed in each lane to produce a gradient that is 
a mixture of four or less solvents. Alternatively, as 
shown in Figure lc, the flow meter 12 7 and flow control 
valve 120 may be located at two different locations in the 
flow stream to minimize the number of flow meters and 
pressure specifications . 

Although a separation system in accordance with 
the present invention has been shown in Figures la, lb, 
and lc for gradient elution wherein the two or more 
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solvents form a gradient, it is within the intended scope 
, of the invention to use the HT-HPC system for isocratic 
elution, that employs a single solvent of substantially 
constant composition. Figure Id is an exemplary 8 channel 
High Throughput High Performance Chromatography system 60 0 
employing an isocratic elution. Since a single solvent of 
substantially constant composition is employed, only a 
single pressurized solvent reservoir 105 and one flow 
metering valve 120 for each lane is required. 

The flow, rates of solvent into each column of 
Figures la, lb, lc, and Id are controlled by flow control 
valves. As previously mentioned, flow control valves 

comprise of three basic components: a flow meter, a 
valve, and software/hardware to operate the valve. 
Conventional flow meters are turbine- temperature-, 
pressure- and mass-based flow meters. Figure 2 is an 
exemplary flow control valve including a pressure based 
flow meter, stepper driven valve and a computer. The 
configuration shown in Figure 2 is a single channel 
instrument . This configuration can be associated with 
column 115 in the column array in Figures la- Id. The same 
flow control valve arrangement is employed for each of the 
8 columns in the array. Solvent from the pressurized 
solvent reservoirs 105, 110 flows through the tubing 142, 
142 1 respectively, to the column 115. A first pair of 
pressure transducers 140, 145 and 140', 145' are disposed 
along the tubing 142, 142 1 , respectively. Each pair of 
pressure transducers measures the respective pressure 
differential across a predetermined length of the tubing, 
the volumetric flow rate Q can be derived knowing the 
measured pressure drop using the Hagen-Poiseuille equation 
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AP(dc) 4 n 
* \2SLt] 

where 

L is a predetermined length of tubing; 

AP is the pressure differential or drop measured 
along the predetermined length of tubing; 
dc is the diameter of the tubing; and 
xi is the viscosity of the solvent. 

Since the pressure differential AP and flow rate 
Q are directly related, the flow rate Q can be indirectly 
measured using the proposed MS . Therefore, the EMS 
indirectly measures or calculates the flow rate of the 
solvent into the column by monitoring the pressure 
differential AP across the tubing using two pressure 
transducers. The flow control valves 120, 120 1 are 
adjusted by motors 120, 120 1 to control the pressure 
differential AP and hence the flow rate Q of the solvents 
A, B. A closed loop system, as described here, will enable 
the ultimate control of the flow rates desired. 

The user inputs at a computer 160 a desired 
gradient composition, e.g. 60:40 A:B, for each column in 
the array. ■ The computer generates an analog signal that 
is transmitted to electrical circuits 155, 155 ? , which 
control the motors 152, 152 1 so that the desired gradient 
composition input by the user at the computer matches the 
flow rate of the solvent based on the pressure 
differential as measured by the pressure transducers. If 
the pressure differential AP for the particular solvent is 
too high, hence the flow rate Q is too large, the stepper 
motor will start closing the associated valve until the 
targeted pressure differential AP is achieved. 
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It is the. intended scope . of the present invention to 
employ any conventional flow meter and valve in the flow 
control metering valves. 

The present inventive parallel processing 
chromatographic system is advantageous in that the user 
can independently specify gradients for each column. 
Thus, the user can define various gradients for one. 
experiment and then on the following experiment 
reconfigure the system for sample throughout by making all 
the gradients the same. Alternatively, different 

stationary phases can be tested in each column during a 
single experiment, again speeding up the method 
development time. Parallel processing in accordance with 
the present invention is an effective method to decrease 
cycle times. Currently methods can take up to a month, 
this invention has the ability to reduce these times by a 
factor of 10. 

It is also desirable to develop a sample 
detection cell 135 with a longer path length compared to 
conventional detections systems. A longer path length 
enables lower detection limits. Figure 3 is an isomeric 
view of the fiber optic sample detection cell 135 in 
Figure la, lb, lc, Id. Sample detection cell 135 is 
supported in a mounting block 3 05, which is disposed 
between two tee connections 315. Fiber optics 310 deliver 
and collect the light from the sample detection cell 135. 
The s- shaped configuration of the sample detection cell 
provides a longer flow path length and requires less space 
than conventional detection cells. 

Figure 4 diagrammatical ly depicts an exemplary 
detection system for the 8 column array in Figure la. 
Light from a light source 405, such as a mercury arc lamp, 
is passed through a monochromater filter 410 to allow 
wavelength and bandwidth selection. The filtered light 
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passes through a bundle of fiber optics to illuminate all 
of the sample detection cells 135. A common detector 42 0, 
such as a charge coupled device or photodiode array, 
collects the absorbance data from all 8 columns and 
produces 8 chroma tograms . 

The benefits of the system proposed here is that 
the gradients can be formed using two pressurized solvent 
reservoirs instead, as traditionally required for 8. 
separations, of using 16 pumps for high pressure mixing or 
8 pumps for low pressure mixing. The design not only 
saves money by combining 8 instruments thereby saving cost 
and space, but also allows for faster method development 
time and sample throughput by generating 8 chromatograms 
at once. As mentioned earlier, this can be expected to 
reduce the sample throughput and methods development times 
by at least a factor of 10. 

In summary, the proposed HT-HPC in accordance 
with the present invention increases sample throughput, 
accelerates method development, and minimizes organic 
waste. HP-HPC parallel processing in accordance with the 
present invention is also suitable for mobile phase 
optimization, pH optimization, column screening, sample 
throughput, and preparative chromatography. 

Thus, while there have been shown, described, 
and pointed out fundamental novel features of the 
invention as applied to a preferred embodiment thereof, it 
will be understood that various omissions, substitutions, 
and changes in the form and details of the devices 
illustrated, and in their operation, may be made by those 
skilled in the art without departing from the spirit and 
scope of the invention. For example, it is expressly 
intended that all combinations of those elements and/or 
steps which perform substantially the same function, in 
substantially the same way, to achieve the same results 
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are within . the scope of the invention. Substitutions of 
elements from one described embodiment to another are also 
fully intended and contemplated. It is also to be 
understood that the drawings are not necessarily drawn to 
scale, but that they are merely conceptual in nature. It 
is the intention, therefore, to be limited only as 
indicated by the scope of the claims appended hereto. 
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Claims 

What is claimed is: 

1. A high throughput high performance chromatography 
system operating at a high mixing pressure, comprising: 

at least one pressurized solvent reservoir 
maintaining • an associated solvent at a substantially 
constant pressure the number of solvent reservoirs equals 
the number of solvents; 

a plurality of flow control valves connected 
downstream of said reservoir; and 

at least one column connected downstream of said 
reservoir, said valves controlling the flow rate of the 
solvent into the respective columns. 

2. The system in accordance with claim 1, further 
comprising an s-shaped sample detection cell for 
measuring absorbance . 

3. The system in accordance with claim 1, wherein said 
solvent reservoir comprises one of a pump and an 
accumulator piston. 

4. The system in accordance with claim 1, wherein each 
flow control valve comprises a valve and a flow meter. 

5. The system in accordance with claim 1, wherein each 
flow control valve comprises a high-pressure solenoid 
controlled using pulse width modulation and a flow meter 
for metering a desired flow range. 

6. The system in accordance with claim 1, wherein the 
number of flow control valves associated with each column 
is equal to the number of solvents. 
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7. The system in accordance with claim 1, wherein each 
flow control valve maintains a substantially constant flow 
rate of solvent. 

8. The system in accordance with claim 1, further 
comprising a mixing device associated with each column for 
mixing the solvent output from at least two of said flow 
control valves. 

9. The system in accordance with claim 1, wherein the 
system is one of a liquid, gas, fluid, microbore, 
capillary, preparative, and electro chromatography system. 

10. The system in accordance with claim 1, wherein a 
gradient for each column may be independently specified. 

11. The system in accordance with claim 1, wherein a 
plurality of columns are connected downstream of each flow 
control valve, said flow control valves controlling the 
flow rate of the solvent into the respective columns. 

12 . The system in accordance with claim 1 , wherein a 
plurality of columns are connected upstream of each flow 
control valve, said flow control valves controlling the 
flow rate of the solvent from the respective columns. 

13. The system in accordance with claim 1, wherein a 
plurality of columns are connected one of upstream and 
downstream of each flow control valve, said flow control 
valves controlling the flow rate of the solvents from the 
respective columns. 
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14. The system in accordance with claim 1, wherein the 
number of flow control valves associated with each lane is 
equal to a maximum number of different solvents to be 
mixed to form a gradient in the associated column. 

15. The system in accordance with claim 1, further 
comprising a solvent selection valve disposed in each lane 
between the pressurized solvent reservoir and the flow 
control valve. 

16. A detection system comprising: 

an s- shaped sample detection cell for measuring 
absorbance. 

17. The detection system in accordance with claim 16, 
further comprising a mounting block for supporting the 
detection cell. 

18. The detection system in accordance with claim 17, 
further comprising fiber optics disposed on opposite sides 
of the mounting block. 

19. A method for using a high throughput high performance 
chromatography system, comprising the steps of: 

maintaining at least one solvent at a substantially 
constant pressure; and 

controlling the flow rate of the solvent into 
respective columns using a flow control valve. 

20. The method in accordance with claim 19, further 
comprising receiving a specified gradient for each column. 



15 



WO 02/056006 PC T/U SO 1/5 1024 

21. The method in accordance with claim 20, further 
comprising the step of independently adjusting the 
gradient for each column. 
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